The Latin word ''facultas'' literally means ''opportunity.'' Facultative heterochromatin (fHC) then designates genomic regions in the nucleus of a eukaryotic cell that have the opportunity to adopt open or compact conformations within temporal and spatial contexts. This review focuses on the molecular and functional aspects of fHC that distinguish it from constitutive heterochromatin (cHC) and euchromatin (EC) and discusses various concepts regarding the regulation of fHC structure. We begin by revisiting the historical developments that gave rise to our current appreciation of fHC.
Nuclear components of eukaryotic cells (later known as chromosomes) were visualized around 1840 using basophilic aniline dyes. Forty years later, Walther Flemming termed this colorable substance within the eukaryotic nuclei ''chromatin'' (Flemming, 1878 (Flemming, , 1882 . We now know that chromatin is the complex assemblage of DNA, histone proteins, and other nonhistone protein components. Yet, even with the limited technology of the late 19th century, Flemming and others made remarkable observations through the staining of biological material combined with light microscopy. For instance, chromatin appeared to transform (condense) into chromosomes during mitosis and decondense into lower-ordered chromatin after cell division (Boveri, 1904) . Three decades later, Emil Heitz discovered that identical chromatin/ chromosome regions in different individuals of the same cell type recurrently stain bright and others scarce. These differentially stained regions corresponded to condensed and decondensed chromatin states that Heitz termed as heterochromatin (HC) and euchromatin (EC), respectively (Heitz, 1928) . He also hypothesized that ''euchromatin is genicly active, heterochromatin genicly passive. Heterochromatic chromosomes or pieces of chromosomes contain no genes or somehow passive genes'' (Heitz, 1929) . Although this is not entirely valid, it paved the way for major discoveries in chromatin research.
The following decades were largely dedicated to identifying the nuclear components encoding the information stored in genes. Mutagenesis and subsequent phenotypic analyses were widely used in Drosophila embryos and various plant species to explore gene function. Muller observed that X-ray-irradiated Drosophila embryos exhibited patterns of variegated gene expression (Muller, 1930) , evidenced by changes in eye color in a subset of cells. This effect was later directly related to suppression of the gene responsible for red eye pigmentation when juxtaposed close to or within HC. This phenomenon, termed position effect variegation (PEV), represented the first palpable link between the conformational state of chromatin and the transcriptional status of genes. A major conceptual advance in recognizing the dynamic nature of HC came about through extensive studies of transposable elements in plants. Barbara McClintock proposed that ''changes in quantity, quality or structural organization of heterochromatic elements may well alter the kind and/or degree of particular exchanges that occur, and in this way control the chromosome organization and the kind and the relative effectiveness of genic action'' (McClintock, 1950) . With subsequent improvements in staining methods and the development of electron microscopy, it became apparent that HC could be subdivided into constitutive (c) and facultative (f) HC, the latter of which was initially ascribed to developmentally regulated heterochromatinization of only one allele of a homologous chromosome pair (for instance, see Brown, 1966) .
This mainly cytological view of fHC was gradually expanded as molecular techniques were devised to explore the mechanisms of gene expression in an unprecedented manner. Studies exploring the molecular mechanisms of cellular differentiation revealed that some genes of multicellular organisms were linked to the differentiation state-for instance, inactive in certain differentiated cell types but transcribed in undifferentiated or other differentiated cell lineages. Based on the prevailing concept that gene activity correlates with EC regions, these genes had to be localized to EC in the undifferentiated cell but somehow transformed into a heterochromatic state upon differentiation. In the following years, cohorts of transcription factors were discovered that control gene expression as a function of the state of differentiation. A model emerged that placed opposing effects of promoter-bound activators and repressors at the heart of gene regulation to explain changes in gene expression during cellular differentiation. This model, however, could not explain gene expression being linked to genomic location, as in the case of PEV of transgenes, or the majority of transposable elements in the mammalian genome being inactive, or that transgenes integrated at random genomic locations have a strong tendency to be silenced over time unless flanked by DNA elements that block the spreading of HC (Mutskov et al., 2002) .
A Current Definition of fHC
The groundbreaking discovery of the fundamental chromatin building block, the nucleosome (Kornberg, 1974; Kornberg and Thomas, 1974; Olins and Olins, 1974; Oudet et al., 1975) , marked the beginning of a new era in the field of transcription. It became evident that chromatin structure impacts the regulation of gene expression and that nucleosomes are major obstacles to the basal transcription machinery accessing the template DNA (reviewed by Li et al., 2007) . Nucleosomes regularly spaced on a DNA template are known as the 11 nm fiber (e.g., Wollfe, 1998;  Figure 1 ). Despite the fact that this type of chromatin already aggravates the transcription process in vitro, it is still considered to be the template for transcription in vivo, and therefore we refer to it as EC. However, nucleosomes are not always regularly spaced throughout EC, since either promoter regions of active genes seem to be largely devoid of nucleosomes (Ozsolak et al., 2007; Yuan et al., 2005) or the promoter-associated nucleosomes have been repositioned, for instance by the action of ATP-dependent chromatin-remodeling enzymes (see review by Li et al., 2007) . Moreover, a number of chromatin-related factors and chemical signals, like histone posttranslational modifications (HPTMs), have been correlated with active genes/EC by genomewide gene expression and chromatin immunoprecipita-tion (ChIP) experiments in lower and higher eukaryotes (for instance, see reviews by Bernstein et al., 2007; Millar and Grunstein, 2006) . Molecular features of euchromatin and active transcription are described elsewhere (e.g., Berger, 2007 ; and see Table 1 ) and will not be further discussed.
In lower eukaryotes, nearly the entire genome is in an open conformation, and only regions important for genome integrity such as telomeres and centromeres are kept stably heterochromatinized and referred to as cHC (Grewal and Jia, 2007; Grunstein, 1998) . The same chromosomal regions are also kept in a condensed chromatin state in higher eukaryotes; however, due to the enormous increase in genome size and organismal complexity, a larger percentage of the genome, including repetitive and noncoding sequences (Kent et al., 2002;  http:// genome.ucsc.edu), is wrapped into cHC (Craig, 2005; Grewal and Jia, 2007; Martens et al., 2005; Talbert and Henikoff, 2006) . Despite the condensed chromatin state, transcription at these genomic regions is possible and in certain instances even required for the establishment of cHC (ENCODE Project Consortium, 2007; Grewal and Elgin, 2007; Smith et al., 2007) . Transcript levels, however, are low and do not match that of protein-coding genes in euchromatic environments.
Similar to cHC, fHC is also transcriptionally silent but retains the potential to interconvert between HC and EC. Using cytological staining methods, fHC is either indistinguishable from cHC (as in the case of the inactive X chromosome) or can be confined to a highly restricted area that cannot be distinguished from EC. Given this heterogeneity in fHC extension, it is likely that fHC adopts a wide range of chromatin condensation states, including local compaction of the 11 nm fiber (for instance, at The first level of chromatin organization is known as the 11 nm fiber, which is composed of nucleosomal arrays on a given DNA template (electron micrograph, left). Consecutive steps of chromatin condensation involve partial and local compactions of the 11 nm fiber due to modifications of the chromatin template (e.g., histone hypoacetylation) or the action of chromatin-binding proteins (e.g., PC, L3MBTL1; see text for details). The linker histone H1 might be incorporated at this step in certain instances to promote local chromatin compaction (see text for details). The composition of the linker histone H1 and core histone octamers in a 1:1 ratio in the chromatin fiber over large genomic distances is a major inducer of higher-order structure known as 30 nm fiber (second image from the right; scale bar indicates 100 nm; adapted from Bartolome et al. [1994] ). It is well known from electron microscopic analyses that higher-order chromatin states exist beyond the 30 nm fiber. However, the majority of factors involved in its formation are still unknown. The highest level of chromatin condensation in eukaryotic cells is observed during mitosis when chromosomes align at the metaphase plate (electron micrograph, right; adapted from Bloom and Fawcett [1994] ).
promoters of inactive genes), variations of the 30 nm fiber, or a certain degree of higher-order chromatin structure ( Figure 1 ). Of note, microscopic analysis and 3D reconstruction of the active and inactive X chromosome indicate that the difference(s) of chromatin condensation states might not necessarily be a function of more chromatin per volume but rather a function of shape, nuclear position, and the action of trans-acting factors (Eils et al., 1996) .
Based on our current knowledge, the term ''facultative heterochromatin'' can be molecularly defined as condensed (through different mechanisms, see below), transcriptionally silent chromatin regions that decondense and allow transcription within following contexts: (1) temporal (e.g., developmental states or specific cell-cycle stages), (2) spatial (e.g., nuclear localization changes from the center to the periphery or vice versa due to exogenous factors/signals), or (3) parental/heritable (e.g., monoallelic gene expression). We still lack knowledge of the exact conformations of fHC in vivo or the entire number of factors impinging on fHC establishment and/ or maintenance, but it is widely accepted that it is achieved by a combination of processes (illustrated in Figure 2 ). These events include (1) incorporation of specific/alternate chromatin components, (2) chromatin modulation, (3) concerted action of trans-acting factors, and (4) subnuclear localization. We start by discussing histone H1, since it is an important mediator of chromatin compaction, but its role in the establishment of fHC is currently underrated.
Chromatin Components of fHC
The linker histone H1 is a fundamental component of chromatin, and since the molar ratio between core histones (H3/H4/H2A/H2B) and total H1 is nearly 1:1 in most cell types examined, it was believed that each nucleosome contains H1 (Albright et al., 1979; Bates and Thomas, 1981) . Histone H1 was regarded as fulfilling a merely structural function, being incorporated into the chromatin fiber over wide genomic distances. The incorporation of histone H1 onto regularly spaced nucleosomal arrays is important for the formation of a condensed chromatin organization (30 nm fiber) in vitro (Figures 1 and 3) , suggest-ing that H1 plays a prominent role in the formation of cHC (Felsenfeld and McGhee, 1986; Woodcock et al., 2006) . However, recent discoveries do not always fit this traditional view of H1 being ubiquitously and homogeneously present along the chromatin fiber. First, the transcriptionally competent 11 nm fiber is devoid of histone H1. Second, histone H1 can be incorporated in a localized manner without necessarily forming a 30 nm fiber but instead participating in the formation of locally condensed chromatin structures (involving only a few nucleosomes) that are repressive for transcription (Figures 1 and  3 ). In these instances, histone H1 might actually be ''recruited'' to a restricted region of the genome by trans-acting factors including DNA-binding transcriptional repressors or chromatin-binding/-modifying factors (Figure 3 ). For example, the NAD + -dependent class III histone deacetylase (HDAC) silent information regulator 1 (SIRT1) (6) activities of a wide array of trans-acting factors. Among trans-acting protein factors that have been implicated in the formation/maintenance of fHC are: (1) Polycomb group (PcG) proteins (see text for details), (2) Heterochromatin Protein 1 (HP1) (for review, see Maison and Almouzni, 2004) , (3) MBT domain-containing proteins (see text for details), (4) various types of noncoding (nc) RNAs (for review, see Bayne and Allshire, 2005) , (5) insulator proteins like CTCF, and (6) PARP-1 (Kim et al., 2005) . functions in transcriptional repression by deacetylating histones H3 and H4 but also by interacting with histone H1. SirT1 recruits H1 to the promoter of target genes, but not to downstream regions (Vaquero et al., 2004) . Similarly, the expression of one of the master regulator genes in muscle cell differentiation, MyoD, is inhibited by the concerted action and physical association of the homeotic protein Msx1 with H1 in a restricted area of the MyoD promoter . In these instances, histone H1 also participates in the formation of fHC, since spatially restricted H1 recruitment represses genes, presumably by localized chromatin condensation or alternate nucleosome spacing.
In mammals, there are six different somatic H1 isotypes that exhibit a certain degree of functional redundancy, given that any single or various double knockouts of H1 isotypes failed to show a phenotype (Fan et al., 2001; Sirotkin et al., 1995) . However, a knockout involving three different H1 isotypes caused major cellular and embryonic defects Fan et al., 2005) albeit minor changes to global gene expression patterns (Fan et al., 2005 ). Yet, even though H1 isotypes may substitute for each other in certain instances, it is obvious that each isotype exhibits unique functions in chromatin structure (see review by Parseghian and Hamkalo, 2001) . Only certain H1 isotypes significantly attenuated transgene expression over time dependent on the genomic location of the transgene (Alami et al., 2003) . Various H1 isotypes show differ-ential chromatin affinities in vitro (Talasz et al., 1998) and distinct chromatin localization and chromatin residence times in vivo (Lever et al., 2000; Misteli et al., 2000) . Certain H1 isotypes reside for longer periods of time on chromatin and localize preferentially to fHC (McManus and Hendzel, 2005) , while others participate in the formation of higherorder chromatin structures within cHC or do not correlate at all with a repressed transcriptional state (Alami et al., 2003; Koop et al., 2003) .
Trans-acting chromatin-binding factors might facilitate the stepwise association of H1 to nucleosomes Catez et al., 2006;  Figure 3 ). It is also likely that trans-acting factors directly bind to and prolong H1 residence time, thereby promoting fHC formation. The human malignant brain tumor (MBT) domain-containing protein L3MBTL1 might be such a factor, as it specifically interacts with the H1 isotype H1.4 methylated at lysine 26 and both cooccupy a restricted region within the c-myc promoter. Upon binding, L3MBTL1 directly compacts chromatin fibers in a fashion that requires the methylated lysine on histone H1 (Trojer et al., 2007) . This suggests that chromatin-binding factors functioning alone or in concert with H1 can induce localized compaction of the chromatin fiber (Figures 1 and 3 The equimolar incorporation of core histone octamers and histone H1 into chromatin over wide distances facilitates the formation of the 30 nm fiber and higher order chromatin (described as ''structural function''). H1 is also recruited by trans-acting factors to restricted chromatin regions, where it promotes local chromatin compaction (described as ''regulatory function'') and a transcriptionally repressed state. . Vice versa, HPTMs on core histones might also impact H1 incorporation into chromatin, as was recently shown to be the case for H2A monoubiquitination (Jason et al., 2005) . It remains to be investigated if distinct HPTMs are determinant to H1 incorporation and function as a regulatory or structural component in fHC or cHC, respectively.
It is beyond the scope of this review to discuss in detail all events that impact the establishment of fHC (Figure 2 ), but below we select various paradigms to describe known molecular features of fHC and to illustrate that areas of fHC vary in size, comprising an entire chromosome or only a few nucleosomes within a particular genomic region.
The Classic Paradigm of fHC Originally described by plant biologists, fHC became a catch phrase of developmental biologists when describing the mechanisms of dosage compensation in mammalian female cells (Heard and Disteche, 2006) . One X chromosome of female mammalian organisms is stably silenced in the preimplantation stage embryo and reactivated at the blastocyst stage; before gastrulation, one randomly chosen X chromosome is subjected to chromosome-wide chromatin condensation, and this state is maintained throughout the lifetime of the organism. This monoallelic suppression of X-linked genes depends on a number of chromatin modifications and trans-acting factors that appear on the inactive X 
. Stepwise Establishment of Facultative Heterochromatin at Various Genomic Regions
Facultative heterochromatin (fHC) can cover an entire chromosome (e.g., the inactive X chromosome (Xi) of female mammalian organisms), span large genomic distances (e.g., homeotic gene clusters), or be restricted to defined regulatory regions of genes (e.g., promoters). (Top) The establishment of fHC on the Xi proceeds along a temporally defined program and is initiated by the expression of the ncRNA Xist. This is followed by the appearance of histone lysine methylation marks, H4K20me1 and H3K27me3. Late events during X chromosome inactivation include incorporation of the histone variant macro2A and DNA methylation. (Middle) Establishment and maintenance of fHC over HOX gene clusters involves various types of ncRNAs (see text for details). A simplistic model of fHC formation along HOX genes involves the following three steps: (1) recruitment of the protein complex PRC2, which mediates methylation of H3K27 directly and DNA methylation indirectly by interaction with DNA methyltransferases (DNMTs; this link might be only prominent in cancer cells; see text for details); (2) PRC1 recruitment, potentially by recognition of H3K27me by its subunit Polycomb (PC); and (3) PRC1-mediated chromatin compaction and monoubiquitination of H2AK119 by the PRC1 subunit RING1B. A model that illustrates PRC1 binding via its PC subunit and subsequent histone ubiquitination by RING1B is shown in the box on the right. (Bottom) A paradigm of fHC formation on locally restricted regions involves deposition of histone H1 and histone posttranslational modifications (HPTMs, e.g., H3K9me2, H4K20me1, and H2AK119ub1. This is followed by chromatin-binding factors that recognize these HPTMs (e.g., HP1, L3MBTL1) and somehow promote a condensed chromatin state. Local incorporation of H1 is dependent on such chromatin binding factors in certain instances (see text for details). chromosome (Xi) in a precise temporal order (Figure 4 ; Heard and Disteche, 2006; Lee, 2005; Masui and Heard, 2006) . The initiating factor for X chromosome inactivation in mammals is an ncRNA termed Xist expressed exclusively from the Xi (Brown et al., 1991) . Coating of the Xi with Xist is followed by a chromosomal change in the pattern of HPTMs, among which hypoacetylation (Jeppesen and Turner, 1993) and the appearance of histone lysine methylation marks ( Figure 4 ; Table 1 ) including H4K20me1 and H3K27me3 (Heard, 2005) are the most prominent. Late events during X inactivation include the incorporation of the histone variant macro H2A (Costanzi and Pehrson, 1998) and DNA methylation ( Figure 4 ; Table 1 ).
The late incorporation of the histone variant into already compacted chromatin is intriguing and suggests the existence of a specialized exchange mechanism. Moreover, the ratio of canonical H2A-versus mac-roH2A-containing nucleosomes on the Xi is currently unknown. Chromatin reconstituted with macroH2A shows increased internucleosomal contacts (compared to the canonical H2A; Changolkar and Pehrson, 2002) and inhibits transcription factor binding and the activity of the chromatin-remodeling complex SWI/SNF (Doyen et al., 2006) , providing an explanation as to how this histone variant functions in transcriptional repression and in the establishment of fHC. MacroH2A on the Xi is subject to monoubiquitination by a CULLIN3/SPOP ubiquitin E3 ligase. Upon inactivation of CULLIN3/SPOP by RNA interference, macroH2A dissociates from the Xi (Hernandez-Munoz et al., 2005) , suggesting that monoubiquitination of macroH2A is important for its association with Xi chromatin.
Recently, the macrodomain of macroH2A was found to bind O-acetyl-ADP-ribose, a byproduct of NAD + -dependent histone deacetylation by class III HDACs like SIRT1 (Kustatscher et al., 2005) . NAD + is also utilized by the poly-ADP-ribose-polymerase-1 (PARP-1). In the absence of NAD + , PARP-1 compacts chromatin (Kim et al., 2004) , but in its presence, PARP-1 is autoribosylated and released from chromatin (Kim et al., 2005) . Interestingly, macroH2A inhibits PARP-1 autoribosylation (Nusinow et al., 2007; Ouararhni et al., 2006) , suggesting a means by which macroH2A promotes Xi-chromatin compaction, thereby linking cellular metabolism (NAD + levels) to the establishment of fHC.
The factor requirement for X inactivation includes a number of Polycomb group (PcG) proteins, originally identified as important regulators of developmentally relevant homeotic (HOX) genes (see below). A PcG protein complex (termed Polycomb repressive complex 2, PRC2) with its catalytic subunit EZH2 is recruited to the Xi in a Xistdependent manner and mediates histone H3K27 di-and trimethylation (H3K27me2/3). One possible molecular mechanism by which PcG proteins subsequently mediate gene silencing and establish fHC involves Polycomb (PC) recognition of methylated H3K27 (H3K27me) via its chromodomain. PC is a component of the PRC1 protein com-plex that directly compacts chromatin in vitro, but in a fashion that does not require the presence of histone tails. Therefore, PRC1 binding to chromatin might not solely depend on H3K27me. This is supported by the fact that a number of PC homologs are localized to the Xi in an RNA-dependent manner (Bernstein et al., 2006) . Moreover, in the absence of H3K27me2/3, the Xi of trophoblast stem cells remains inactive, suggesting that this chromatin modification is not ultimately necessary to stably maintain the heterochromatic state of the Xi in all instances (Kalantry et al., 2006) .
Another PRC1 component, RING1B, is responsible for monoubiquitination of canonical H2A at lysine 119 (H2AK119ub1). The presence of H2AK119ub1 and RING1B correlates with transcriptional repression, and both localize with other PRC1 components to the Xi (Fang et al., 2004; Wang et al., 2004) . RING1B recruitment seems independent of H3K27me2/3 and instead requires the presence of Xist at an early stage of X chromosome inactivation (Schoeftner et al., 2006) . The underlying molecular mechanism of H2AK119ub1 mediated transcriptional repression, and its potential effect on H2A-H4 internucleosomal contacts (Davey et al., 2002; Dorigo et al., 2003) , which promote a condensed chromatin state, await clarification.
The fHC of imprinted autosomal genes is decorated with a similar set of chromatin modifications, correlating histone hypoacetylation, H3K9me2, H3K27me, and DNA methylation with the inactive alleles (Table 1; reviewed by Feil and Berger, 2007) . In recent efforts, H3K9me3 and H4K20me3 were mapped to inactive alleles while H3K4me3 coincided with the active alleles (Delaval et al., 2007; Mikkelsen et al., 2007) . Notably, macroH2A was also found on imprinted autosomal genes (Choo et al., 2006) and serves as an attractive marker to identify imprinted genes.
Many of the trans-acting factors participating in X chromosome and autosomal imprinting (see Table 1 ) also play a role in the maintenance of fHC on other genomic regions. Below we discuss one example in which the heterochromatic features mediate gene silencing over wide genomic distances.
Long-Range Silencing
Embryonic development proceeds along defined gene expression patterns that must be executed in an accurate temporal and spatial context. A certain pattern of active and inactive groups of clustered genes, HOX genes, has to be established and maintained through specific developmental stages (Lewis, 1978) . The maintenance of HOX gene expression is achieved by PcG and Trithorax group (TrxG) proteins, first discovered from genetic experiments in Drosophila as suppressors and enhancers of PEV, respectively. By linking PcG proteins to PEV, it became clear that these transcriptional repressors somehow affect chromatin structure, and in recent years the molecular function of PcG proteins has been explored in great detail (see reviews by Schuettengruber et al., 2007; Schwartz and Pirrotta, 2007; Sparmann and van Lohuizen, 2006) .
How might fHC at silent HOX genes look? First, chromatin could adopt a compacted state, since it is marked by HPTMs and trans-acting factors similar to the ones found on the Xi including H3K27me2/3 and H2AK119ub1 (Figure 4, Table 1 ). While H3K27 methylation provides a signal for PRC1-mediated chromatin compaction, it is still unclear how H2AK119ub1 promotes fHC. Studies in plants indicate that PcG-mediated formation of fHC includes alternative pathways, since PRC2 components have plant homologs but apparently the entire PRC1 complex is absent (Pien and Grossniklaus, 2007) . For instance, a complex containing the PcG proteins Pleiohomeiotic (Pho/YY1) and Sfmbt was recently shown to target HOX genes. Sfmbt contains MBT domains that specifically recognize methylated histone lysines and mediate chromatin compaction Klymenko et al., 2006; Trojer et al., 2007) . Another example for PRC2-dependent mechanisms in gene silencing includes the interaction of its EZH2 component with DNMTs and the presence of EZH2 being requisite for DNA methylation on a mammalian PcG target gene (Vire et al., 2005) . Methylated DNA is recognized by specific proteins (e.g., MBDs, MeCP2) (Sakamoto et al., 2007) that promote a compacted state or prevent transcription factor binding. Recent studies, however, suggest that the majority of conserved CpG methylation sites occupied by PcG proteins are actually unmethylated (Tanay et al., 2007) . This is supported by other studies demonstrating that genes occupied by PcG proteins and methylated at H3K27 are largely devoid of DNA methylation but become frequently methylated in cancer (McGarvey et al., 2007; Schlesinger et al., 2007; Widschwendter et al., 2007) . It seems that the connection between H3K27 methylation and DNA methylation is more prevalent in cancer cells, the reason for which remains unknown.
HOX gene silencing could also be achieved by looping of upstream chromatin toward the target gene promoter. In Drosophila, Polycomb-responsive elements (PREs) (Ringrose and Paro, 2007) control transgene expression up to 100 kb downstream or even in trans, suggesting that PRE-bound PcG proteins somehow contact regions on other chromosomes (Schwartz and Pirrotta, 2007) . This intriguing mode of PcG-mediated compaction seems to require PRE ncRNAs that are processed by the RNAi machinery (Grimaud et al., 2006) . There is additional evidence that multiple ncRNA components cooperate in cis or in trans with PcG proteins to establish and/or maintain fHC along HOX genes (Mainguy et al., 2007; Petruk et al., 2006; Rinn et al., 2007; Sessa et al., 2007) ; however, it remains to be elucidated if the ncRNAs are required for the initial establishment of fHC (for instance, by recruiting PcG proteins) or if their continuous presence actually contributes to the maintenance of a condensed chromatin state.
An alternative concept for fHC formation by PcG proteins arises from studies exploring PcG protein binding to PREs in Drosophila. PRE elements themselves are nucleosome-free although occupied by PRC1 and PRC2 complexes (Mohd-Sarip et al., 2006; Papp and Muller, 2006) . Pho and PRC1 cooperatively bind PRE-DNA, with approximately 400 bp of DNA wrapped around the Pho/ PRC1 complex (Mohd-Sarip et al., 2006) . These findings fuel speculation that PRC1 might also be able to ''incorporate'' into chromatin or ''displace'' nucleosomes, thereby inducing fHC by changing nucleosome spacing and protecting DNA from transcription factor binding.
Classic transcriptional repressors act by interfering with the formation of the transcription initiation complex. These repressors can recruit chromatin-modifying factors that induce localized compaction to the chromatin structure. Below we discuss paradigms of fHC that span only a few nucleosomes within a promoter or a gene-regulatory region.
Local Establishment of fHC Progression through the cell cycle entails the recurrent activation of certain genes, including those encoding cyclins and cyclin-dependent kinases, by the E2F transcription factors. E2F bound to promoters can be kept inactive when complexed with the corepressor Retinoblastoma (Rb) that recruits HDACs, the H3K9-specific HKMT SUV39H1, and Heterochromatin Protein 1 (HP1), among others (Dimova and Dyson, 2005) . SUV39H1 and HP1 usually cooperate to establish long-range gene silencing in cHC; however, at the cyclin E gene, HP1 is locally recruited in an Rb-dependent manner to establish a silent state in G1 every round of the cell cycle (Nielsen et al., 2001) . Upon exiting the cell cycle (G0), E2F target genes whose expression promotes proliferation must be stably silenced. This is potentially achieved by the presence of an E2F6-containing complex at promoters, which introduces H3K9me2 (by HKMTs G9a and EuHMTase/GLP) and recruits HP1 (Ogawa et al., 2002) (Figure 4) . A link between Rb and the PcG proteins RING1A and HPC2 was evidenced by their cooperative action in repressing cyclin A and cdc2 gene expression to control entry into mitosis (Dahiya et al., 2001) . Moreover, Rb family proteins are required for PcG binding and H3K27me at the p16INK4Aa tumor suppressor gene (Kotake et al., 2007) .
PcG proteins are now recognized as being critical regulators of the cell cycle and cell differentiation. In embryonic stem cells, PcG occupancy and H327me3 correlated well with the inactive state of cell-type-specific genes. Upon induction of differentiation, PcG proteins are lost from these genes (Bracken et al., 2006; Lee et al., 2006) . Collectively, cell-fate-dependent gene silencing is achieved by localized chromatin alterations engendered by restricted H1 incorporation; HPTMs such as H3K9me2, H3K27me3, and H2AK119ub1; and the presence of trans-acting factors such as HP1, PcG proteins, and MBT proteins (Figure 4 , Table 1 ).
We have briefly discussed various cases of fHC that range from an entire chromosome to locally condensed promoters of single genes. Despite this variability in distribution, the molecular features of fHC seem to be quite similar. We therefore might ask the following question:
Is There a Common fHC Signature? The paradigms of fHC discussed above encompass a wide array of chromatin modulations as well as transacting factors that correlate with fHC (Table 1) . Can we extract any common guidelines for establishing and maintaining fHC? What is clear is what has been recognized by Drosophila geneticists for decades: PcG proteins play a central role in the formation of fHC. However, the PcG protein-binding patterns discerned by genomewide ChIP analysis Bracken et al., 2006; Lee et al., 2006; Schwartz et al., 2006; Squazzo et al., 2006; Tolhuis et al., 2006) revealed just how numerous are the PcG protein target genes and how multifaceted are the biological processes they control. PcG proteins are at the crux of fHC formation, with H3K27 methylation being the prominent histone modification. Interestingly, H3K27me3 coincides with H3K4me3 on a large number of transcriptionally poised genes in various cell types (Guenther et al., 2007; Mikkelsen et al., 2007) . These ''bivalent'' chromatin domains of embryonic stem cells include many genes involved in developmental or differentiation-related processes. Upon differentiation, the chromatin signature changes to solely H3K4me3 (if gene is expressed) or solely H3K27me3 (if gene is repressed) or keeps a bivalent marking (RNA polymerase II occupied genes, but transcriptionally poised). It remains to be investigated if H3K27me3/ H3K4me3 bivalency somehow destines chromatin structural alterations.
Histone hypoacetylation is certainly a general feature of fHC, since the loss of acetyl groups from the histone tails favors a more compacted chromatin state. H3K9me2 might be another histone lysine methylation mark linked to fHC, but how the mark translates into localized condensation of chromatin is unknown. HP1 was previously shown to bind H3K9me2/3, but it remains to be shown if and how the binding event affects chromatin structure. H2AK119ub1 correlates well with repressed chromatin states, but we still lack molecular details about its mechanism. The presence of macroH2A so far correlates nicely with fHC, but its genome-wide binding profile is still unknown. Of note, macroH2A was recently shown to be part of a repressive chromatin architecture that prevents IL-8 expression in non-B cells (Agelopoulos and Thanos, 2006) . The underlying repressive mechanism in this case hinges on the macrodomain, based on its interference with transcription factor binding, histone acetylation, and SWI/SNF-or ACF-dependent chromatin remodeling (Doyen et al., 2006) . The means by which macroH2A is recruited and/or exchanged and its functional role in chromatin dynamics await further investigation.
Facultative HC and Epigenetics
Our knowledge is still limited regarding the distinction between those factors that participate in either the estab-lishment or the maintenance of fHC. Yet, it is a fact that fHC is somehow maintained throughout the cell cycle and even subsequent cell generations. PcG proteins are well-substantiated participants in the transmission of such chromatin states to daughter cells. How is the integrity of fHC ensured over cell generations and throughout the lifetime of a multicellular organism? Although the molecular mechanisms for transmitting fHC features are still unknown, there are several interesting models based on how PcG proteins function at the PREs. Duplication of PREs by the insertion of PRE-transgenes in cis or in trans can enhance silencing of adjacent target genes. Apparently PREs on different chromosomes (in trans) interact essentially because of bound PcG proteins. Therefore, one hypothesis is that a PRE stripped of its factors during replication makes contact with another yet unreplicated PRE to gain the factors necessary for silencing in its neighborhood (Pirrotta, 1998) . Recent experimental evidence suggests that PRE locations might be identical to Polycomb nuclear bodies in three-dimensional nuclear space (Grimaud et al., 2006; Lei and Corces, 2006) and that small ncRNAs are necessary to maintain PRE contacts in trans (Grimaud et al., 2006) . It remains to be determined if such a mechanism is in all instances dependent on the underlying DNA sequence, since PREs have not been discovered in mammals, yet Polycomb nuclear bodies do exist.
That PcG proteins and ncRNA are necessary for homologous genomic regions to interact in trans does, however, bespeak of an epigenetic process. Based on the definition of fHC (see section ''A Current Definition of fHC'') and the definition of epigenetics (phenotypic differences between individuals of the same species/cell type that are not encoded in the genetic sequence), it seems that fHC might lie at the heart of an epigenetic mechanism: facultative HC confers phenotypic differences that are encoded at the chromatin level and that can be inherited or spontaneously arise in response to developmental or environmental cues. Accordingly, combinations of chromatin modifications might constitute an epigenetic code (Turner, 2007) that defines the condensation state of fHC and the transcriptional state of genes within fHC. This does not, however, exclude the possibility that fHC (and a distinct epigenetic state) is originally established due to the action of DNA-binding transcription factors as suggested recently (Ptashne, 2007) . Equally likely is the scenario in which fHC is established due to transcription of ncRNAs that might recruit trans-acting protein factors to designated regions of fHC.
Decades ago, we became aware that the amount and distribution of HC is different in various cell types or in the same cell type in different stages of its life cycle. Now we are beginning to understand the intricate regulatory machinery that impacts the formation of fHC, but it will be in the years to come that we fully comprehend the molecular mechanisms that allow dynamic interconversion of chromatin states. These same mechanisms might warrant restoration of fHC after each cycle of global chromatin disruption during replication and chromatin hypercondensation during mitosis and cell division.
